ABSTRACT. In an attempt to identify heterozygotes for Pompe's disease, the acid a-D-glucosidase activity at pH 4 in phytohemagglutinin-stimulated lymphocytes was measured. In the standard assay an overlap in the enzyme activity between normal controls and obligate heterozygotes was demonstrated. When the assay was modified by adding zinc chloride into the incubation mixture, the enzyme activity of the lymphocyte homogenates did not change. However, the enzyme activity increased dramatically after intact lymphocytes were preincubated with zinc chloride. There was no more overlap in the acid a-Dglucosidase activity between normal controls and obligate heterozygotes when lymphocytes were incubated 1 h with mollliter zinc chloride or 2 h with 10-%r moll liter zinc chloride. This modified enzyme activity should facilitate improved heterozygote detection. ity from PHA-stimulated lymphocytes (10, 1 I), leukocytes (12, 13) , cultivated fibroblasts (l4), or skeletal muscles (1 5) have been reported. However, each method has its limitation. In an attempt to determine a more accurate method for the recognition of heterozygotes, we established an enzyme assay method using zinc stimulated intact lymphocytes which is superior to the method using PHA-stimulated lymphocytes.
MATERIALS AND METHODS
Subjects. From April 198 1 to June 1986 18 families had one or more infant deaths with Pompe's disease (infantile generalized form). The criteria for diagnosis of Pompe's disease have been described previously (7) (8) (9) . These criteria are: I) presence of clinical features of hypotonia, cardiomegaly, and hepatomegaly; 2) depressed ST segments, inverted T waves, and a shortened P-R interval on electrocardiogram; 3) light microscopic and electron microscopic demonstration of lysosomal glycogen deposition; and 4) markedly deficient a-glucosidase activity in lymphocytes, muscle cells, and/or cultured fibroblasts. Obligate heterozygotes from 14 of these families were studied; five families were consanguinous.
Lymphocyte separation. Lymphocytes were separated using a Ficoll-Hypaque density gradient as previously described (7, 8) . The monocvtes were removed with Petri dish adherence. The polymorph~nuclear leukocytes were removed with 6% dextran. Glycogen storage disease type I1 (Pompe's disease) (McKusick PHA-stimulated lymphocytes. Lymphocytes were cultured in no. 23230) is an autosomal recessive disorder characterized by RPMI-1640 containing 10% heat-inactivated FCS with 5 Fg/ml the Iysosomal accumulation of glycogen (1, 2). The impaired PHA or without. Cultures were carried out for 72 h in a 5% C 0 2 glycogen degradation is due to a deficiency of acid a-glucosidase incubator at 37" C. At the end of the culture lymphocytes were (EC 3.2.1.20) (1) (2) (3) (4) (5) (6) . Several clinical forms of Pompe's disease washed three times with isotonic saline and then the activity of that differ in age of onset, organ involvement, and progression a-glucosidase was measured. of the disease have been recognized (1) (2) (3) (4) (5) (6) (7) . In Taiwan Pompe's , a-~glucosidase activity. The activity of acid a-glucosidase was disease is the most common type of glycogen storage disease (7-assayed with 4-MU-a-glc (Koch-Light Laboratories, Colnbrook, 9). Most cases have had the infantile form (generalized glycoge-England) as substrate by the method of Salafsky and Nadler (16) nosis 11) with symptoms appearing shortly after birth. Cardio-with the following modifications. Twenty-PI cell suspensions megaly, hepatomegaly, and muscular weakness are usually pres-(varying from 5 X lo4 to 5 X lo5) were incubated with 50 ~1 of ent. Patients typically die within the 1st yr of life due to cardiac 1 mM 4-MU-a-glc in citrate phosphate buffer pH 4 and 6 for 2 failure or respiratory tract complications. Therefore, the identi-h at 37" C with constant agitation. The reaction was terminated fication of both homozygous and heterozygous patients is im-by adding 1 ml of 400 mM glycine-NaOH buffer, pH 10.5. portant for genetic counseling and prenatal diagnosis. In our Fluorescence was determined in an Hitachi or an Amincoprevious reports we established the normal reference range of Bowman spectrofluorometer with an excitation wavelength of acid a-D-glucosidase levels in different age groups in this popu-360 nm and an emission wavelength of 450 nm. The standard lation which is useful not only for clinical cases but also for contained 0.05 mM (8.81 mglliter) of 4-methylumbelliferone prenatal diagnosis (8) . Often heterozygote detection is difficult. (Koch-Light) in 0.05 M glycine carbonate buffer. Protein was For heterozygotes identification studies measuring enzyme activ-determined by the method of Lowry et al. (1 7).
Acid a-~glucosidase activity from lymphocytes a)er incuba- Statistical analysis. The differences between groups were assessed by the approximate t test, or Student's t test, depending on the equality of the variances of the two groups being compared.
RESULTS

Stimulated versus unstimulated.
The lymphocyte acid a-Dglucosidase activity increased after PHA stimulation in both heterozygotes or affected homozygotes but decreased in normal healthy controls (Fig. I) . Comparison of acid a-D-glucosidase activity in PHA-stimulated lymphocytes both in normal healthy controls and heterozygotes showed no statistical difference.
Modijied enzyme activity with the addition of zinc. The acida-D-glucosidase activity from lymphocyte homogenate after * a-D-Glucosidase was measured in nmollmg proteinlh.
t Mean values in the same column followed by a common letter are significantly different (p < 0.001) by Student's or approximate t test.
$ In our experience the a-D-glucosidase in heterozygotes can be divided into two groups, one (parent a) is slightly low (>lo nmol/mg proteinlh) and the other (parent b) is very low (<lo nmol/mg proteinlh).
being incubated with different concentrations of zinc chloride for 15 and 30 min is shown in Tables 1 and 2 . Comparison of acid a-D-glucosidase activity among each group incubated with and without zinc chloride revealed no statistical difference.
The acid a-D-glucosidase activity from whole intact lymphocytes increased after incubation with zinc chloride for 1 (Table  3 ) and 2 ( Fig. 2; Table 4 ) h but not after 16 h. When the incubation time was set at 1 h, the maximal increased enzyme activity was at the zinc chloride concentration of mollliter. With zinc preincubation the group of heterozygotes with enzyme activity above and below 10 nmollmg proteinlh from the normal controls could be distinguished clearly (Table 3) . When the incubation time increased to 2 h, the maximal enzyme activity was still at the zinc chloride concentration of mol/liter. There was also a statistical difference between heterozygotes with enzyme activity above 10 nmol/mg proteinlh group and normal controls at and mollliter zinc chloride (Table 4) . After the incubation time increased to 16 h, the zinc chloride was unable to distinguish between heterozygotes and normal controls (Table 5) . Southern Chinese and is rare in Northern Chinese (8) and Japanese (1 8 hanced enzyme activity may be useful for heterozygote detection. * a-D-Glucosidase was measured in nmol/mg protein/h.
t Mean values in the same column followed by a common letter are significantly different ( p < 0.001) by Student's or approximate t test.
$ In our experience the a-D-glucosidase in heterozygotes can be divided into two groups, one (parent a) is slightly low (>lo nmol/mg proteinlh) and the other (parent b) is very low (<lo nmol/mg protein/h).
